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REDUCED SIZE IMAGING DEVICE 
FIELD OF THE BNfVENTION 

The present invention relates to imaging devices, and particularly to imaging 
devices including configurations allowing for reduced area, size, length or reduced 
diameter or cross-sectional area. 

BACKGROUND OF THE INVENTION 

Remote imaging and other sensing devices are used in numerous industrial and 
medical applications. Many of these applications call for the imaging of areas that can be 
reached only by way of narrow points of access. An example of such an application is in 
vivo imaging wherein an imaging device is inserted into a body lumen to image areas 
within the body. 

Several factors have so far limited the extent to which the diameter or other 
dimensions of an imaging device can be reduced. A first factor is the diameter of the 
circuitry connected to the imaging sensor portion of the imaging device. This circuitry, 
generally in the form of an integrated circuit on a chip such as a siUcon chip, may processes 
image signals generated by an imping sensor. The circuit that processes the signals 
generated by the imaging sensor is generally referred to as the processing chip although 
such circuitry and such '^processing chip" need not be on or associated with a traditional 
"chip". The diameter of the processing chip may be a limitation to possible reductions in 
the diameter, length or size in general- of the imaging device. 

A second factor that has limited the reduction in the size of imaging devices is the 
cumulative widths of the several components of the imaging device that in some 
configurations are situated on the plane of the imaging device which faces the surface to be 
imaged. These items have generally included, for example, at least the imaging sensor, 
which typically sits behind an optical lens, and at least one illumination source for 
illuminating the surface to be imaged. The placement of both of these components on the 
same plane has limited the possibility of reducing the diameter of such plane and hence the 
diameter of the imaging device. 

1 
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The size of available imaging devices relative to the small openings of many body 
lumens or relative to body lumens of small diameter, such as in children, may be limiting. 
A reduced size imaging device may provide greater access to body lumens with narrow or 
restricted points of access. Furthermore, there may be a need to use space within imaging 
5 devices in a more efficient manner. There is a need for an imaging device with a reduced 
size such that the imaging device can be, for example, inserted or pass through very narrow 
points of access. 

SUMMARY OF THE INVENTION 

10 

Some embodiments of the present invention may, for example, enable a reduced 
diameter, reduced length, or reduced size imaging or other sensing device. According to 
one embodiment, a processing chip or a board, circuit board, or holder holding such a chip, 
is aligned substantially perpendicular to the plane of an imaging sensor. The thickness of 

15 the processing chip can be small, such that as so aligned, the profile area of the processing 
chip does not constrain reductions in the diameter of the imaging device. The physical and 
electrical comiection between the imaging sensor and the processing chip may be made by 
way of, for example, a printed circuit board (PCB), to which both the imaging sensor and 
the processing chip are connected. Li an embodiment of the present invention, the imaging 

20 sensor is connected to the side edge of the PCB such that the PCB may also be situated 
substantially perpendicular to and behind ttie imaging sensor. The electrical connections 
that carry power jfrom the PCB to the imaging sensor and that carry image signals from the 
imaging sensor to the PCB may be made for example by way of leads ending at the side 
edge of the PCB to.which the imaging sensor is attached. The processing chip may then be 

25 attached to the PCB in parallel to the plane of the PCB, such plane typically being 
substantially perpendicular to the imaging sensor. The arrangement of the PCB and the 
processing chip substantially perpendicular to the imaging sensor allows a reduction in the 
diameter of the imaging device where reductions in such diameter may theretofore have 
been limited by the width of the PCB and the processing chip. 

30 According to another embodiment, at least one light source, typically in the form of 

one or more light emitting diodes (LEDs), although other suitable light sources may be 
used, may be situated behind and substantially perpendicular to the plane of an imaging 
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sensor. The light produced by the light source may be emitted for example parallel to the 
plane of the imaging sensor and can then be refracted or reflected by a light deflecting 
element, such as a prism or mirror, which is attached or otherwise held in place in the path 
of the light emitted by the light soiu-ce. The refraction or path-alteration of the Ught 
deflecting element directs the light emitted by the light soxjrce towards the plane of the 
imaging sensor so that the Hght exits the imaging device substantially perpendicular to such 
plane. By situating the at least one Ught source behind and substantially perpendicular to 
the imaging sensor, it may be possible to reduce the diameter of the imaging device. 

The device and system according to some embodiments of the present invention 
also may permit a reduction in the number of separate electrical connections that need be 
made between the various components of an imaging device and between the circuits to 
which such components are attached. In an embodiment of the present invention, any of 
the light sources and the processing chip may be attached directly to the PCB that may be 
situated substantially perpendicular to the imaging sensor. This PCB may be the same PCB 
to which the imaging sensor is attached. The coimection of the light sources or the 
processing chip to the PCB may be by way of for example pins or other suitable 
connections that may provide either or both of a physical and electrical connection to the 
circuit. Similarly, such PCB may include a niche into which may be inserted and held one 
or more batteries or other power supply sources, such as rechargeable devices, which may 
be held in direct contact with the PCB. Such power sources may be held in parallel or 
perpendicular to the plain of the PCB. Such direct contact may provide either or both of a 
physical and electrical connection between such power supply and the PCB. 

There is thus provided, according to an embodiment of the invention an in vivo 
nnaging device, such as a swallowable imaging capsule. According to one embodiment the 
imaging device includes a first circuit board includes, or is configured for accommodating 
or having disposed thereon, at least an image sensor, and a second circuit board, which is in 
electrical communication with the first circuit board and which extends at an angle of 
between about 0^ to about 180^ from the bottom surface of the first circuit board. The first 
circuit board may be perpendicular to or substantially perpendicular to the first circuit 
board. The second circuit board may, for example, have disposed thereon a processing 
chip. 
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According to another embodiment of the invention there is provided a circuit 
board configured for being in electrical communication with another circuit board and 
extending substantially perpendicularly to the other circuit board. 

Also provided, according to other embodiments of the invention is an image 
sensor which is configured for being in electrical communication with a circuit board, the 
circuit board extending substantially perpendicularly to the image sensor. 

According to another embodiment there is provided, in an in vivo imaging device, 
a single circuit board that is configured for accommodating an image sensor and at least 
one illumination source. 

According to yet another embodiment there is provided a circuit board which has 
a transmitter and a transmitter antenna, where tiie antenna is embedded into the circuit 
board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fiilly fi-om the 
following detailed description taken in conjimction with the drawings in which: 

Figure 1 A is a simplified illustration of a reduced diameter imaging device wherein 
the processing chip, the circuit board and the light source are situated behind and 
substantially peipendicular to the plane of the imaging sensor, in accordance with an 
embodiment of the present invention; 

Figure IB is an illustration of an imaging device in accordance with another 
embodiment of the present invention; 

Figure IC is an illustration of an imaging device in accordance with yet another 
embodiment of the present invention; 

Figures 2A - 2C are simpUfied illustrations of a connection of an imaging sensor 
onto a circuit board, in accordance with embodiments of the present invention; 

Figure 3 is a simplified illustration of a light source situated beliind and 
substantially perpendicular to the imaging sensor, and to which is attached a prism that 
alters tiie path of the liglit emitted by the light source, in accordance with an embodiment of 
the present invention; 
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Figure 4 is a simplified illustration of a circuit board, which includes a niche or 
other area into which may be inserted and held one or more batteries or other power source 
in accordance with an embodiment of the present invention; and 

Figures 5A-5C are schematic illustrations of different possible arrangements of an 
5 antenna within an imaging device according to embodiments of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

hi the following description, various aspects of the present invention will be 
described. For purposes of explanation, specific configumtions and details are set forth in 

10 order to provide a thorough understanding of the present invention. However, it will also 
be appreciated by one skilled in the art that the present invention may be practiced without 
the specific details presented herein. Furthermore, well known features may be omitted or 
simpUfied in order not to obscure the present invention. 

Reference is made to Fig. lA which shows a simplified illustration of a reduced 

15 size, length or size imaging device wherein a processing chip, a circuit board, such as a 
PCB, and the hght source are situated behind and substantially perpendicular to the plane of 
the imaging sensor, in accordance with an embodiment of the present invention. The 
imagmg device lOOA may include an optical head 101, an imaging sensor 107, which is 
typically physically, electrically and/or electronically connected to an imaging sensor 

20 circuit board 109, a processing chip 114 that may, for example, processes the signals 
generated by imaging sensor 107, a circuit board 112 that connects imaging sensor circuit 
board 109 to processing chip 1 14 and possibly to certain other components of the imaging 
device lOOA, one or more light sources 110 (e.g., Ught emitting diodes (LEDs) or other 
suitable sources) to illuminate the area to be imaged 120, one or more prisms 108 or other 

25 refi-acting or reflectuig elements to, for example, refi-act or alter the path of the light 
produced by one or more light sources 110 and a power source which may for example 
include one or more batteries 118. Batteries 118 may be connected by wires (not shown) or 
other connections to the circuit board 112. The imaging device may also include, for 
example, a transmitter 122 to transmit the signals processed by processing chip 1 14 and an 

30 antenna 1 1 6 to be used in such transmission. Typically, transmitter 1 22 sends signals to an 
external receiver (not shown), which may receive and process such signals. In altemate 
embodiments, other components and arrangement of components may be used. For . 
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example, transmitter 122 need not be used. According to some embodiments processing 

chip 1 14 and transmitter 122 may be integrated on tlie same chip. 

The imaging device lOOA is typically autonomous, including a power source or 

power source receiving device and a transmitter for wurelessly transmitting data, but need 

not be. For example, a wired device, exchanging data and/or power with an external 

system via wires, may be used. 

While various benefits such as size, length or size are discussed as resulting from 

the various embodiments discussed herein, other benefits may be realized. For example, 
more components may be included in a device where space is saved. 

In one embodiment, cbrcuit board 112 may include, or may be configured, for 
example, for holding or accommodating, components such as a processing chip 114, light 
source(s) 110, transmitter 122, or other suitable components. Curcuit board 109 may 
include or may be configured, for example, for holding or accommodating an imaging 
sensor 107 or other components. In altemate embodiments, the various arrangements of 
components may be altered. For example, Ught sources may be included on the same board 
or holder as an imager. 

In certain embodiments, a circuit board may include a switch. According to one 
embodiment the switch is a magnetic switch, such as a micro-electro-mechanical system 
(MEMS) svidtch. The switch may be configured to control at least one electrical 
component of, for example, an imaging device. The switch may be disposed between 
portions of the electrical circuitry of the device lOOA, such that when the switch is open, 
some or all components of device lOOA are powered off or on, or are operative or 
inoperative. A magnetic switch may be, for example, constructed of a suitable magnet 
or materials responsive to magnetic forces such that it may be moved and operated upon 
exposure of the device lOOA to a magnetic field. Altemately, other suitable control 
circuits may be used. 

Embodiments of the imaging device may include components and operate similarly 
to embodiments described in US Patent 5,604,531 to Iddan, et al. and/or WO 01/65995, 
both assigned to the common assignee of the present application and hereby incorporated 
by reference; however, embodiments of the present invention may be used with other 
imaging systems or other arrangements of components. Further, a receiving and display 
system as disclosed in embodiments described in US Patent 5,604,531 to Iddan, et al. 
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and/or WO 01/65995 may be used with or included in embodiments of the present 
invention, although other suitable receiving and display systems may be used. Typically, 
the imaging device 100 A is a capsule or capsule shaped device inserted into a body lumen 
such as, for example, the gastro-intestinal tract, which transmits or otherwise sends images 
to an external receiver or recorder. For example, the device may be ingested. In alternate 
embodiments, the imaging device need not be a capsule. For example, the imaging device 
may be the tip of a medical device, such as, an endoscope, needle, catheter, stent etc. 

The optical head 101 may include one or more optical elements, such as one or 
more lenses 104 and a lens holder 106. One or more suitable optical elements may be used 
for focusing unages onto imaging sensor 107. The optical head 101 may be part of, 
attached to, mounted on or otherwise disposed adjacent to the imaging sensor 107. The 
optical head 101 may be placed behind an optical window or dome 102 to, for example, 
isolate its electric components from liquids found in a body, which may interfere with the 
operation of such components. The optical head 101 may be manufactured as a single 
assembly or may include separate assemblies that are connected in the imaging device. In 
alternate embodiments, the optical head need not be used, and other arrangements for 
focusing the image may be used. 

The imaging sensor 107 may be, for example, a solid state imaging sensor, such as 
charged coupled devices (CCDs) and complementary metal oxide semiconductors 
(CMOS). The imagmg sensor 107 can be, for example, 3 mm sq with an active area of 
about 1.8 square mm, with dimensions of about 0.8 mm in width. Other suitable 
dimensions may be used. 

In a typical embodiment of the present invention, cncuit board 1 12 lies at an angle 
from 0*^ to 180^ to the plane of the imaging sensor, or from the plane of a circuit board or 
other holder holding or including the imaging sensor (e.g., circuit boaid 109). According to 
one embodiment the circuit board 1 12 is substantially perpendicular to the plane of imaging 
sensor 107 and imaging sensor circuit board 109. Circuit board 112 may include, for 
example, a PCB or other device for electrical and/or physical connection by which imaging 
sensor 107 and imaging sensor circuit board 109 can be held in place, by which power can 
be supplied to the image sensor 107 and by which signals can be conducted from the 
imaging sensor 107 to the processing chip 1 14 or other components. Alternatively, circuit 
board 112 can be used to transmit signals to the processing chip 114, while anotlier 
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mechanism is used to hold the imaging sensor 107 in place. Processing chip 1 14 may be 
attached to circuit board 112 such that it hes in parallel to circuit board 112 and 
perpendicular to the plane of imagmg sensor 107 and imaging sensor circuit board 109. If 
circuit board 1 12 is a PCB, then processmg chip 1 14 may, for example, be attached to such 
PCB by way of pins as are know m the art. Typically, processing chip 114 contains 
circuitry for processing image signals. According to some embodiments the device lOOA 
may contain other in vivo sensors (such as, for example, pH sensors, temperature sensors, 
pressure sensors etc.) and the processing chip may contain circuitry for processing signals 
other than image signals. 

Imaging sensor 107 may generate electronic signals such as image signals. Image 
signals may be transmitted by way of imaging sensor circuit board 109 through circuit 
board 112 to processor chip 114, Processor chip 114 may carry out processing or 
conditioning of the image signal, for example so that it may be viewed on a display system 
such as on a monitor, or for other reasons. An example of a processor chip that may be 
used in embodiments of the present invention is an ASIC (application specific integrated 
circuit). Accordmg to one embodiment the ASIC may have transmitting capabilities, for 
example, operating on a minimum shift keying (MSK) modulation system to effect 
transmitting of digital signals through an antenna on radio firequencies to a receiving 
system. The ASIC may also control the illumination and imaging sensor 107, for example 
as described in embodiments of the above mentioned WO 01/65995. In alternate 
embodiments, other signals and other electronic and processing components may be used. 
For example, a processor chip need not be mcluded, or need not be mounted on the circuit 
board 1 12. Similarly, an unaging sensor ckcuit board 1 09 need not be used. 

According to one embodiment device lOOA is capsule shaped. In other 
embodiments of the present invention, the device may be constructed in other shapes such, 
for example, as a sphere, circular cylinder, an elhptical cylinder, a rectangle, a trapezoid or 
other suitable shapes. 

Fig. IB is an illustration of an alternative placement of certain components of 
imaging device lOOB in accordance with an embodiment of the present invention. As is 
depicted m such illustration, processing chip 114 and transmitter 122 may be placed 
proximate to the location of imaging sensor 107, whereas light source 1 10 may be located 
more remotely from the imaging sensor 107. Fig. IB likewise depicts an alternative 
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embodiment of the present invention wherein one or more of prisms 108 are located outside 
of the coverage of optical window or dome 102. Such location of prisms 108 outside of the 
coverage of optical window or dome 102 may, for example, reduce tlie amount of back 
scatter Ught from the optical window or dome 102, although such a resuh is not required. 
Other configurations of one or more of prisms 108 or other light guides or light bending 
devices placed either inside or outside of the coverage of optical window or dome 102 are 
possible. 

Fig. IC is an illustration of an alternative placement of certain components of 
imaging device lOOC in accordance with another embodiment of the present invention. 
According to this embodiment illumination sources, such as Light sources 110 may be 
situated on the same circuit board 1 12 as the imaging sensor 107. Such placement may, for 
example, eliminate the need for imaging sensor circuit board 109, although such results are 
not required. Lens holder 106 may include, for example, opaque material or otherwise be 
constructed to ensure that light dkectly emitted from Light sources 1 10 is not incident on 
imaging sensor 1 07. A processing chip (not shown) may also be integrated on ckcuit board 
1 12. Similar numerals to those in the figures described above have been assigned to like 
elements. 

Reference is made to Figs. 2A-2C which schematically illustrate a substantiaUy 
connection of an imaging sensor and a circuit board with another circuit board in 
accordance with an embodiment of the present invention. The connection is typically 
perpendicular but other suitable angles may be used. In a typical embodiment, imaging 
sensor 107 rests on and is electrically connected to imaging senor circuit board 109 by way 
of, for example, pins or other methods known in the art. The back surface 200 of imaging 
sensor circuit board 109, bemg the surface away from imagmg sensor 107, may be fitted, 
for example, with at least one recess, such as socket or slot(s) 202 into which the side edge 
206 of circuit board 1 12, or leads, connectors or tabs extending from circuit board 1 12, may 
be inserted and held. Slot(s) 202 may, for example, provide a secure physical connection 
between the back surface 200 of imaging sensor chrcuit board 109 and the side edge 206 of 
circuit board 1 12. Circuit board 1 12, as shown in Fig. 2B, may include leads 204 which are 
typically embedded in circuit board 1 12 providing an electrical connection between circuit 
board 1 12 and imagmg sensor circuit board 109. Circuit board 1 12, shown in Fig. 2C may 
include leads 204 or other connectors ending at the side edge 206 of cu-cuit board 112, 
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typically in the outemiost layer of the circuit board, providing an electrical connection 
between circuit board 112 and imaging sensor circuit board 109. Other arrangements of 
connecting ch-cuit board 112 and image sensor circuit board 109, or providing electrical 
connections therebetween, or of holding image sensor 107 in place may also be used. For 
5 example, the back surface 200 may include clasps that may clasp onto the side edge 206 of 
circuit board 112. According to one embodiment circuit board 112 includes a recess or 
niche 400 which may be used to accommodate elements of the device, such as one or more 
batteries or other power sources, a battery pack or a suitable rechargeable power supply. 

Reference is made to Fig. 3 which is a simplified illustration of a light source 

10 assembly, typically situated behind and substantially perpendicular to an imaging sensor, 
and to which is attached a light guide or prism that may alter the path of the light emitted 
by the light source(s), in accordance with an embodiment of the present invention. The 
light source assembly may, for example, be used in embodiments of the device described 
herein, such as device 100 A or other devices described herein. Light source 110 can be, 

15 for example, one or more light emitting diodes (LEDs) or other suitable sources of light 
All or part of the light 300 produced by light source 110 may, for example, be emitted 
substantially perpendicular to the plane of circuit board 112 and substantially parallel to 
the plane of imaging sensor 107. Prism 108 may be affixed in the path of light 300. 
The angled edge 306 of prism 108 can be, for example, coated with silver or a similar 

20 reflective coating 310 to reflect light 300. Angled edge 306 of prism 108 is typically set 
at an angle of approximately 45 degrees relative to the surface of light source 1 10 and 
the point 304 thereon from which light 300 is emitted, although other suitable angles 
may be used. As light 300 is emitted from light source 110, it may be, for example, 
^refracted by the prism 108 and/or reflected by the reflective coating 310 on angled edge 

25 306 such that light 300 passes towards and through the optical dome 102 to illuminate 
the surface to be imaged 120. A light shield in the form of, for example, a reflective 
coating may also be added to other external surfaces of prism 108 to further direct light 
300 towards the surface to be imaged 120. Light shield 302 may also, for example, 
prevent light 300 from reaching the imaging sensor 107 directly from prism 108. Prism 

30 108 may be glued or otherwise attached to light source 1 10 or may be held in place by 
optical window or dome 102 or by other methods, for example mechanical methods. 
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Other light redirecting devices may be used instead of a prism, such as a mirror or a fiber 
optic light guide. 

Reference is made to Fig. 4, which is a simplified illustration of a circuit board in 
tlie form of a PCB. The circuit board 1 12 may, for example, be used in embodiments of 
the device described herein, such as device lOOA or other devices described herein. The 
circuit board 112, according to an embodiment of the invention, is configured for 
containing or holding a power source, such as one or more batteries or a battery pack. 
For example, circuit board 1 12 includes an inset, cutout or niche 400 into which may be 
inserted and held one or more batteries 1 1 8 or other power source(s), which may be held 
in physical and electrical contact with the circuit board 1 12. Circuit board 1 12 may be, 
for example, a PCB, but other suitable structures may be used. Niche 400 may be 
constructed with, for example, one or more protrusions 402 to hold the one or more 
batteries 118 in place and to maintain electrical contact between circuit board 112 and 
the one or more batteries 118. Other methods of maintaining physical and electrical 
contact may also be used. Leads 404, which may for example be placed on circuit board 
112, may conduct power from the one or more batteries 1 18 to the other components of 
the device. Batteries 1 1 8 may rest in parallel to or perpendicular with the plain of circuit 
board 112, or at another suitable angle therewith. Placement of one or more batteries 
118 in direct electrical contact with circuit board 112 may reduce the nxmiber of 
electrical connections that are made between ckcuit board 112 and other components 
that are included in a device. 

In various embodiments of the present invention, the circuit arrangement 
according to various embodiments described herein may be used without the 
illumination arrangement according to various embodiments described herein, and vice 
versa. Similarly, each of such arrangements may be used in conjunction with or without 
the arrangement described above for holding one or more power source within the niche 
400. Lilcewise, the position of various components of the imaging device 100 such as 
the processing chip 114, transmitter 122, antenna 116, and power source, such as, for 
example, batteries 118 can be varied relative to each other and their location on circuit 
board 112. 

Reference is now made to Figs. 5A-5C, which are schematic illustrations of 
different possible arrangements of components in an m vivo imaging device, according 
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to embodiments of the invention. Similar numerals to those in the figures described above 
have been assigned to like elements. In Fig. 5A components in an imaging device 500A, 
such as the transmitter 122, processing device or chip 114 and additional components 
1120 such as resistors, capacitors, switches etc., are arranged on circuit board 112. 
Circmt board 112, which may extend fi-om the imaging sensor circuit board 109 
substantially perpendicularly, may be situated off center relative to imaging sensor circuit 
board 109, for example, making room for antenna 1 16 to compactly fit into the imaging 
device 500A. The antenna 116 may, for example, be disposed substantially between a 
power source (such as, for example, one or more batteries 1 18, a device receiving power 
from an external source, etc.) and the imaging sensor circuit board 109 and/or imager 
107. ha some unaging or sensmg capsules an antenna is positioned along tihe width of 
the capsule at one end of the capsule. An arrangement in which the antenna 116 is 
positioned m between the imagmg sensor circuit board 109 and the batteries 118 along 
the length of the capsule, for example as illustrated in Fig. 5A, may, for example allow 
the reduction in the length of the device, such as a capsule shaped imaging device. 
Other or different benefits are possible. Other arrangements of components may be 
used. Other types and numbers of antennas, with other shapes, may be used. 

Another possible arrangement according to an embodiment of tiae invention is 
schematically illustrated in Fig. 5B. Device 500B, which may be, for example, oblong 
or capsule shaped, includes a transmitter 122 and a processing chip 1 14 arranged on 
circuit board 1 12. For clarity, only one end of the device is shown in Fig. 5B. One or 
more batteries 1 18 (or other suitable power sources), which eae electrically connected to 
curcuit board 1 12, provide power to the device elements. Antenna 1 16 may be arranged 
around the inner diameter of the device 500B substantiaUy surrounding the circuit board 
1 1^ and/or the transmitter 122. In such a case, the length of the device 500B may be 
reduced; other or alternate benefits are possible. Device 500B may be an image sensing 
device or another sensing device. Sensors, such as a pH sensor, a pressure sensor, an 
electrical field sensor, an ultrasonic sensor, a temperature sensor or any other known in 
vivo sensor, may be included in the device, according to embodunents of the mvention. 
Otiier types and numbers of antennas, with other shapes, may be used. 

In Fig 5C a device 500C is iUustrated in which an antenna 116' is substantially 
embedded into a circuit board 1 12. Circuit board 1 12 may be arranged in parallel or in 
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Other relations to the image sensor circuit board 109. The embedding of the antenna 
116' in the circuit board 112 according to embodiments of the invention may enables 
using the space previously occupied by the antenna, for example for adding additional 
components to the device. Alternatively the unused space may be eliminated from the 
device 500C thereby reducing the device overall dunensions. Other types and numbers 
of antennas, with other shapes, may be used. Other components as described herein, 
such as lenses 104, imaging sensor 107, etc., may be included. 

While the present invention has been described with reference to a few specific 
embodiments, the description in intended to be illustrative of the invention as a whole 
and is not to be construed as limiting the invention to the embodiments shown. It is 
appreciated that various modifications may occur to those skilled in the art that, while 
not specifically shown herein, are nevertheless within the true spkit and scope of the 
invention. 

It will be appreciated by persons skilled in the art that the present invention is not 
limited by what has been particularly shown and described herein above. Rather the scope 
of the invention is defined by the claims, which follow. 
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CLAIMS 

1 . An in vivo imaging device comprising: 

a first circuit board having disposed thereon an image sensor, said first 
circuit board having a top surface and a bottom surfece; and 

a second circuit board, said second circuit board being in electrical 
communication with the first circuit board and extending at an angle of between 
about 0° to about 180° firom the bottom surface of the first circuit board. 

2. The device according to claim 1 wherein the second circuit board is 
substantially perpendicular to the first circuit board. 

3. The device according to claim 1 wherein the first circuit board has disposed 
thereon least one illumination source. 

4. The device according to claim 3 wherein the illummation source includes an 
LED. 

5. The device according to claim 1 wherein the second circuit board comprises 
circuitry for processing image signals. 

6. The device according to claim 1 wherein the second cu-cuit board is configured 
for accommodating an ASIC. 

7. The device according to claim 1 wherein the second circuit board is configured 
for accommodating a transmitter. 

8. The device according to claim 1 wherein the second circuit board mcludes an 
illumination source. 

9. The device according to claim 8 wherein the illumination source includes an 
LED. 

1 0. The device according to claim 8 comprising a Kght redirecting device. 

11. The device according to claim 10 wherein the light redirecting device is 
selected from the group consisting of: a prism, a mirror and a fiber optic light 
guide. 
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12. The device according to claim 1 wherein the second circuit board is configured 
for containing a power source. 

13. In an in vivo imaging device, a circuit board configured for being in electrical 
communication with another circuit board and extending substantially 
perpendicularly to the other circuit board. 

14. The circuit board according to claim 13, comprismg attaching means for 
attaching the curcuit board substantiaUy perpendicularly to the other circuit 
board. 

15. The imaging device according to claim 14 wherein the attaching means 
includes electrically commimicating means. 

16. The imaging device according to claim 13 comprising circuitry for processing 
image signals. 

17. The imaging device according to claun 13 wherein the circuit device is 
configured for accommodating at least a transmitter. 

18. The circuit device according to claim 13 wherein the circuit device is 
configured for accommodating at least an illumination source. 

19. The circuit device according to claim 18 wherein the illumination source 
includes an LED. 

20. In an in vivo imaging device, an image sensor, said sensor configured for 
being in electrical communication with a circuit board, said circuit board 
extending substantially perpendicularly to the image sensor. 

21. The image sensor according to claim 20 comprising a niche configured for 
accommodating a side edge of a second circuit board. 

22. The image sensor according to claim 21 wherein the niche comprises 
communication means for electrically communicating with the other circuit 
board. 

23. In an in vivo imaging device, a circuit board configured for accommodating an 
image sensor and at least one illumination source. 
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24. The circuit board according to claim 23 wiierein the illumination source 
includes an LED, 

25. In an in vivo imagmg device, a circuit board comprising a transmitter and a 
transmitter antenna, said antenna being embedded into the circuit board. 

26. An in vivo imaging device comprising: 

a circuit board; 
a transmitter; and 

an antenna, said antenna substantially surroxmding the circuit board, 

27. The device of claim 26, comprising an imager. 

28. The device of claim 26, wherein the antenna substantially surrounds the 
transmitter. 

29. An in vivo imaging device comprising: 

an imager; 

a power source; and 

an antenna, said antenna disposed substantially between the power source and the 
imager. 

30. The device of claim 29, wherein the power source includes a battery. 

31. A capsule comprising: 

an optical window behind which are disposed: 
an illumination source; 

a first circuit board configured for accommodating at least an image 
sensor, said first circuit board having a bottom surface; and 

a second circuit board, said second circuit board being in electrical 
communication with the first circuit board and extending substantially 
perpendicularly firom the bottom surface of the first circuit board. 

32. The capsule according to claim 25 comprising a transmitter. 

33. The device according to claun 8 wherein the illumuiation source includes an 
LED. 
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A METHOD FOR MOVING AN OBJECT THROUGH THE 

COLON 

FIELD OF THE INVENTION 

The present invention relates to the field of gastrointestinal diagnosis and 
therapeutics, and specifically to a method for moving an object through the colon. 

BACKGROUND OF THE INVENTION 

Objects that are swallowed are moved easily by peristalsis through the 
small bowel, but their movement in the colon (large intestine) is slow and 
unpredictable. The colon's main function is to remove (absorb) much of the water 
firom the stool and to store the stool. The colon begins with the cecum, a small 
saclike evagination, then continues with the ascending colon, firom appendix in 
right groin up to a flexure at the liver, transverse colon, liver to spleen, 
descending colon, spleen to left groin, then sigmoid (S-shaped) colon back to 
midline and anus. The colon has three longitudinal muscle bands whose actions 
assist movement through the colon. 

It is sometimes advantageous to move objects through the colon 
independently of the natural action of the colon muscles. For example, delivery of 
a medicament to a specific location in the colon may be time dependant and 
cannot rely on the natural movement in the colon. Also a device for imaging the 
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colon might benefit from being actively moved through the colon so as to 
efficiently view the colon. 

Current methods of moving objects, especially imaging devices, through 
the colon involve the use of endoscopes, typically colonoscopes, which are 
expensive and inconvenient for patient use, and do not always enable to reach 
distal parts of the colon, namely the right colon and caecum. 
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SUMMARY OF THE INVENTION 

The method of the present invention utilizes high osmotic pressure 
compositions, such as contrast agents, to assist in the movement of objects 
through the colon. 

The method of the invention, according to one embodiment of the 
invention includes the steps of: placing an object in a mdimentary part of a 
patient's gastrointestinal tract, such as by ingesting or by introducing the object 
via an endoscope; and administering through a rudimentary part of the patient's 
gastrointestinal tract a suitable amount of a high osmotic pressure composition 
that is essentially not absorbed from the intestine. 

Optionally, the method can include a step of performing a colonoscopic 
preparation prior to the step of placing the object. 

A mdimentary part of the gastrointestinal tract includes parts of the GI 
tract that are anterior to the small intestine, such as the mouth, esophagus and 
stomach. 

The high osmotic pressure composition that is essentially not absorbed 
from the intestine, preferably comprising a contrast agent, such as gastrografin, 
progresses through the colon faster than the object and because of its high 
osmotic pressure it pushes the object through the colon. The osmotic pressure 
reverses the flux of fluid through the colon wall and causes the accumulation of 
fluids within the bowel. Thus the colon is distended which triggers contraction of 
the smooth muscles similarly to the natural mode of movement in the colon. 
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Additionally, the forces generated during the fast flow along the colon (during the 
excretion process) can carry the object. 

The object may be any device suitable for being moved through the 
colon. Preferably, the device is a therapeutic device or a diagnostic device or a 
combination of both. For example, the device may be an apparatus for 
administering a medicament to the GI tract including a sustained release 
medicament in the form of a tablet, capsule, pill, etc. The object may also be a 
device for imaging the GI tract such as the. swallowable capsule described in IL 
108352, which is assigned to the conunon assignee of the present invention and 
which is hereby incorporated by reference. A swallowable capsule for imaging 
the gastrointestinal tract preferably includes a camera system, such as a CCD or 
CMOS imaging camera, an illumination source for illuminating the GI tract and 
means for transmitting the video output of the camera system to an extemal 
receiving system. 

The swallowable capsule may be a wireless imaging device. Thus, the 
invention enables wireless imaging of the colon which was formerly not easily 
achieved. 

The present invention further relates to the use of contrast agents, such as 
barium sulfate or a mixture of sodium amidotrizoate and meglumine 
amidotrizoate (gastrografin), in moving objects through a patient's colon. 

The present invention further relates to high osmotic pressure 
compositions that are essentially not absorbed from the intestine for moving an 
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object through a patient's colon. The composition comprises a contrasting agent 
and additives such as flavorings and/or wetting agents. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fiilly 
from the following detailed description taken in conjunction with the drawings in 
which: 

Figure 1 is a schematic illustration of an object being moved in a 
patient's colon in accordance with an embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Contrast agents are used in the present invention, as high osmotic 
pressure compositions, to move objects in the colon. 

The invention can be used to move any suitable object through the colon, 
as discussed above. In an embodiment of the invention, schematically illustrated 
in Fig. 1, an unaging device for imaging the GI tract is moved through the colon. 

A wireless in vivo imaging device 10 typically comprises an illumination 
source 12 an optical window 11, through which the light illuminates the inner 
portions of the GI tract, an imaging camera 13 such as a CCD or a CMOS 
imaging camera, which detects the images, an optical system (not shovm) which 
focuses the images onto the unaging camera, a transmitter and an antenna (not 
shown) for transmitting video signals from the imaging camera to an external 
receiving system, and a power source (not shown), such as a silver oxide battery, 
tliat provides power to the entirety of the electrical elements of tlie device. 

The device 10 may also mclude a compartment for collecting or 
distributing substances from or to the GI tract (such as that described in 
WO0022975 which is assigned to the common assignee of the present invention 
and which is hereby incorporated by reference), such that it can be used for 
diagnostic and for therapeutic purposes. 

The device 10 is ingested by a patient and traverses the small intestine 
pushed along by natural peristalsis. When the device 10 reaches the cecum 101 it 
typically remains in the cecum 101 for long periods of time. 
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A high osmotic pressure composition that is essentially not absorbed 
from the intestine is administered to the patient and progresses through the small 
intestine arriving at the cecum 101 for example the osmotic pressure of 
Gastrografin at 37^C is 55.1 atm and its osmolality is 2.15 (osm/kg H2O). The 
composition progresses in the colon in the direction shown by arrows 1 1 1 faster 
than the device 10, pushing, in its progression device 10 through the different 
parts of the colon 102. 

If left to the natural action of the colon muscles, device 10 would move 
slowly and erratically through the colon 102 depleting the device power while 
prossibly being unable to obtain a sufficient number of images for efficiently 
monitoring and diagnosing the colon. Thus, the invention enables wireless 
imaging of the colon which was formerly not easily achieved. 

A wireless swallowable capsule as described above was administered 
under Helsinki Committee guidelines to normal healthy volunteers in the standard 
fashion. The volunteer underwent standard colonoscopic preparation consisting of 
a 24-hour liquid diet and 4 ounces of Fleet phosphasoda the evening before and 
the morning of the procedure. The volunteer was encouraged to drink a large 
volume of fluid before and after ingestion of the capsule. The passage of the 
capsule was monitored, using the on-hne configuration of the receiving system. 
The volunteer was given 8 ounces of gastrografin diluted as for regular body CT 
examination [5%], every 15 minutes starting 2.5 hours after ingestion of the 
capsule, up to a total of 2 liters. The volunteer was allowed to eat a normal meal 4. 
hours after ingestion of the capsule. 
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Results: In one case, the gastric emptying time was 42 minutes, and the 
capsule reached the cecum after 4 hours, 16 minutes. The capsule was excreted 
firom the colon 22 hours after ingestion. Images of various parts of the colon were 
acquired for more than 3 hours. In the second case, gastric emptying occurred 
after 8 minutes, and the capsule reached the cecum after 8 hours. Images of all 
parts of the colon were acquired for 2.5 hours. The capsule was excreted after 
10.5 hours, still working. 

Conclusion: The first successfiil passage through the right colon in the 
first case and the entire colon in the second case of a fiinctioning capsule 
endoscope using a novel technique is described. The use of gastrografin was 
based on clinical observation in GI radiological procedures, such as CT. This 
agent has a very important role to play in the movement of the imaging capsule 
through the colon. 

Gastrografin contains a mixture of sodium amidotrizoate and meglumine 
amidotrizoate in a proportion of 10:66 (amidotrizoic acid or diatrizoic acid: 
3,5-bis-acetamido-2,4,6-triiodobenzoic acid). 1 mL Gastrografin contains sodium 
amidotrizoate 100,00 mg and meglumine amidotrizoate 660,00 mg (sodium 
diatrizoate and meglumine diatrizoate) in aqueous solution plus flavourings and a 
wetting agent. The contrast-giving substances in Gastrografin are salts of 
amidotrizoic acid in which the X-ray absorbing iodine is present in stable 
chemical bond. 
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Following oral administration only about 3% of the amidotrizoic acid is 
absorbed from the stomach and intestines. This portion is eliminated mainly via 
the kidneys. 

Gastrografin can be used either orally or as an enema. Gastrografin 
travels through the colon faster than the capsule and is a clear fluid, allowing a 
clear view of the colon. Another advantage of gastrografin is its opacity to x-ray, 
allowing direct view in fluoroscopy and enabling monitoring of the passage of the 
capsule through the GI tract. 

It will be appreciated by persons skilled in the art that the present 
invention is not limited to what has been particularly shown and described 
hereinabove. Rather the scope of the present invention is defmed only by the 
claims which follow: 
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CLAIMS 

1. A method for moving an object through a colon comprising the steps of: 

placing an object in a rudimentary part of a patient's 
gastrointestinal tract; and 

administering through a rudimentary part of the patient's 
gastrointestinal tract a suitable amount of a high osmotic pressure 
composition that is essentially not absorbed from the intestine. 

2. The method according to claim 1 further comprising a step of performing a 
colonoscopic preparation prior to the step of placing the object. 

3. A method according to claim 1 wherein a rudimentary part of a patient's 
gastrointestinal tract comprises the mouth, the esophagus or the stomach. 

4. A method according to claim 1 wherein the step of placing an object is 
performed by ingesting the object. 

5. A method according to claim 1 wherein the step of placing an object is 
performed by introducing the object into a rudimentary part of the 
gastrointestinal tract via an endoscope. 

6. A method according to claim 1 wherein the object is bein placed in a distal 
part of the colon (right colon, caecum) by a colonoscope (through the anus). 

7. A method according to claim 1 wherein the object is a diagnostic or 
therapeutic device or a device that is both diagnostic and therapeutic for 
monitoring or treating or for monitoring and treating the gastrointestinal 
tract. 
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8. A method according to claim 1 wherein the object is a device for sustained 
release of medicaments to the colon. 

9. A method according to claim 1 wherein the object is an in vivo imaging 
device. 

10. A method according to claim 1 wherein the high osmotic pressure 
composition comprises a contrasting agent. 

11. A method according to claim 1 wherein the high osmotic pressure 
composition comprises gastrografin or barium sulfate. 

12. A method according to claim 1 wherein the step of administering a high 
osmotic pressure composition comprises administering 8 ounces of 
gastrografin diluted to about 5%, in predetermined time intervals after 
placing of the object, up to a total of 2 liters. 

13. A method according to claim 11 wherein the predetrmined time intervals 
are every 15 minutes starting from about 2.5 hours after placing of the 
object. 

14. Use of contrasting agents in the preparation of a high osmotic pressure 
composition that is essentially not absorbed from the intestine for moving 
an object in a patient's colon. 

15. The use according to claim 13 wherein the contrasting agent is gastrografin 
or barium sulfate. 

16. The use according to claim 13 wherein the high osmotic pressure 
composition that is essentially not absorbed from the intestine moves an 
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object through a patient's colon by being administered to a patient through 
a rudimentary part of the patient's gastrointestinal tract after the object has 
been placed in a rudimentary part of the patient's gastrointestinal tract. 

17. The use according to claim 13 wherein the object is a diagnostic or 
therapeutic device or a device that is both diagnostic and therapeutic for 
monitoring or treating or for monitoring and treating the gastrointestinal 
tract. 

18. The use according to claim 13 wherein the object is a device for sustained 
release of medicaments to the colon. 

19. The use according to claim 13 wherein the object is an in vivo imaging 
device. 

20. A high osmotic pressure composition that is essentially not absorbed from 
the intestine for moving an object through a patient's colon comprising a 
contrasting agent and additives. 

21. A composition according to claim 19 wherein the contrasting agent is 
gastrografin or barium sulfate. 

22. A composition according to claim 19 wherein the additives comprise 
flavorings and/or wetting agents. 

23. A method for wireless imaging of the colon comprising the steps of 

placing a wireless in vivo imaging device in a rudimentary part of 
a patient's gastrointestinal tract; 
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administering through a rudimentary part of the patient's 
gastrointestinal tract a suitable amount of a high osmotic pressure 
composition that is essentially not absorbed from the intestine, thereby 
moving the in vivo imaging device through the colon; and 

activating the in vivo imaging device to obtain images of the 
colon. 
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